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STOENGTH, WATER ABSORPTION AND DYE BINDING 
KLDanJcfl 

Cross Reference to Related Application 

This patent application benefits of the filing date of 
provisional application serial No. 60/0174,997 filed February 17, 1998, 
entitled Genetic Engineering of Cotton to Increase Fiber Strength, Water 
Absorption and Dve Binding, attorney docket No. 922.6641 PRO V. That 
earlier application is incorporated herein in its entirety. 

Field of the Invention 

The invention relates to genetic engineering of cotton to 
increase the cotton's fiber strength, water absorption and dye binding. 

Description of the Related Art 

The description of the related art is listed under References 
towards the end of this document. AH references cited herein are 
incorporated by reference. 


Background of the Invention 

About 20 million metric tons of cotton fiber is produced annually worldwide 
with the VS. producing about 20% of this. Approximately 1 6 million acres 
of cotton arc planted in the US. representing one -seventh of the world 
acreage. The United Scales generates one fifth of the worldwide cotton fiber 
production, valued at about four billion dollars annually. Cotton is the prerrocr 
natural fiber ardprc^kiscxccflertwear^^ Although consumers 

prefer cotton, nrffwrode fibers have captured a major share of the textile market 
whDe the market share of cotton is decreasing. Imrxovcments in cocon fiber 
strengih. the chemical reactivity for dye binding, water absorption and thermal 
properties ate desirable for textile and other industrial appGcadons. In the past, 
coaon fiber quality has been improved by classical plant broecfing; however, this 
approach is seriously Emitod by species bcorrpiDbtEry and available traits. An 
alternative approach is to inooduce foreign genes to cccifcr desired traits into coaon 
vhgcnetk; engineering, Recendy, John and KeBcr (1996) have repoord expression 
of polynydroxy butyrate poryester in cotton fiber, which has similar physical and 
chemical properties as polypropylene. This is the first report of a foreign gene 
expression in cocon fiber: 

Coaon fiber or seed hair is a tmirnfly differentiated singJe cpiccnral ceD made up 
of primary and secondary cell walls, consisting of prirnariry ccfiulose (90%) and 
other compounds Eke bernkxfluiose, pcains and rxDodns. EXning the early stages 
of fiber cfcvdopment, the fiber odl elongates up to 3 cm over a period of 20 days 
post anchesc (DPA). "The primary wall is dboiA 10O200 moiecuies in thickness and 
consists of 30% cdiuiose and ocher rx^r/sacxjxuidcs, waxes and rxoceins (John and 
Kefler. 1996). The secondary wall is made up of cellulose that is deposited during 
the third devebrxnentai stage, 16-45 DPA. Maturation of (he fiber occurs 45-50 
DP A. resulting in changes ki mineral content and protein levels. The cfcrracal 
conporidco artj nTkjrjstrucaj^ 

Kkc chemical icactiviry. thermal charaacrisocs, water absorption and fiber strength 
(John, J 995b X which arc irtportant for the manufacturing of textile products. 
Therefore, it is highly desirabie to synthesize a btorx>lyrncr within the fiber lumen 
without altering fiber wall integrity; this should result in sheltering the biopolyrricr 
withm the cdkihsc walls (Jdm and Keflex. 1996). We propose hoe to introduce a 
P8P from a synthetic gene into coaon that could increase fiber strength alter 
thermal and water absorprion qualities as well as enhance dye binding opacity of 
coaon fiber. 
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Summary of the Invention 
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The United Scales generates one-fifth of the world's cotton fiber valued ai 
about four billion do 11 an annual J y Although consumers prefer cocton, man- 
made fibers arc capturing a major share of the textile market while the market 
share of cotton is shrinking. In order for the market share to increase, cotton 
fiber quality must be improved, in the past, cotton fiber quality has been 
irrproved by classical plant breeding; however, this approach ts limited by species 
Lncorrpanbtljry and available traits. An aherranvc approach is to introduce foreign 
genes to confer denied traits into coaon via genetic engineering. Proton -based 
polymers (PBPs) arc available in nature as materials with extraordinary nxchankal 
properties, such as spider webs composed of silk threads tougher than sted and 
dastin, a rubber like clastic fiber found in human arteries, that typically survives for 
more than 70 years, undergoing repealed cycles of stretching and relaxation. The 
PBP made from synthetic genes, containing the sequence Val-Pro-Gy-Val-Qy. 
typically found in dastin, exhibits elastic moduli that can range 
dynesfcrrr and lernpcraturc transition properties that enable water absorption 10 
times its own weight. Therefore, tncrodoang this PBP into coaon fiber will "increase 
the fiber strength, water absorption, thermal dxaraaeristics and (fyz bending. In this 
project, wc attempt to genetically engineer cotton fiber with a PBP gene. 
GVGVP, the sequence derived from human elastin. 


Description of the Invention 
PBft containing multiple repeats of (he perttamer sequence (Val'-Pro'-Oy^VaT 4 - 
G3y\ exhibit remarkable dastkr* properties qualifying their use as btochsoc 
matcriak (Urry. 1995). BSSd jfercPB Ps ofTer a range of materials similar to 
that of oil-based pdyiners?3ch jjs^hydrogek. elastomers and plastics, PBPs of 
varied design and corr^xiarion can be prepared and made frodcgiadable with 
chanical docks to program rhcir half Eves (Urry. 1995). AdcfiCKxally/PBPs exhibit 
rernarkablc biccrjmpatfccliry. thereby enabling their use in a whole range of medical 
Eppficatiorts kxJuding the prevention of post-sunpeai adhesions, tissue 
reconstruction and pto^rarnrnod drug odrvcry (Urry et a^ 1993). For instance, the 
porymer poty (GVGVP) has been successfully used to prevent adhesions in the rat 
contaminated rxritooeaf modd blowing abobrninal kyury (Urry ct aL, 1993). The 
non-medical application of these materials include biodegradable plastics, 
transducers, rrotccular machines, superafcsorbant agents, and controOcd release of 
agricultural crop enhancement agents, such as pesticides, growth factors and 
fertilizers (Daniefl, 1995). Biodegradable plastics made from PBPs may not onry 
break down in the cnvircxxncnt but can become a useful part of the errvironment 
Since safine solution can breakdown PBPs, the plastic PBP products can be 
oisposcd in axans ard gijhS; as they 
occank; animals, thus etfm 



Figure I: PBP expression ki EjCoS 
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Figure t PBP expression in a plant cdl 

We have expressed the gene encoding poly (GVGVPJm in cuffcrent systems 
induding bacteria (Danidl. 1995; Goda ct a^ 1995; Danidl ct aU 1997; Uny ct ai, 
1995), fimgi (Heoog ct ai, 1997) and plants (Zhang ct aL, 1995, 1996; Danidl, 
1995; Danidl and Guda, 1997). Fcflowing expression of a small, 100 amino add 
pofypepdde (GVGVP)» in £ caff (Mcfhasoa ct.cL J992), larger versions of the 
same pcrfypqxkfc (GVGVP) coataming 121 itpcats (605 amino adds) or 251 
rcpcks~(l255-Bmino acirfc) ware Iqp croqy csscd' to £ coff (Goda ct at. 1995; 
BrixcyefaL, 1997). Bacterial cdls showed pdymcr indusion bodies occupying up 
to 90°/. of their cell volume under optimal conditions (Sec Figure I). Production of 
polymas by Sermcntatiort, howcver.^K not cost effective when compared with 
pe&oicurn based polymers. Thcrrforcjvvc have recently expressed the GVGVP 
120mcr in tobacco. Even though lower levels of expression were observed in 
cultured tobacco cells (Zhang ct al„ 1995) and some transgenic plants in the 
F0 generation (probably due to the position effect and heterozygous nature, 
Zhang ct al, 1996), higher levels of polymer expression were observed in 
transgenic plants after self-crossing in the F I generation; inclusion bodies 
have been observed in tobacco cells (sec Figure 2\ which is a good indication 
of a very high Icvd of PBP expression (Danidl, 1995; Danicll, and Guca, 
1997). The transgenic plants expressing this PBP grew, flowered and 
produced seeds normally (Zhang ct al_, 1996). Physiological and 
ylfrastructural studies reveal that transgenic tobacco plants expressing the 
PBP arc similar to control untram formed plants. 

Rationale ind Significance 

PBPs arc available h nature as materials with extraordinary mechanical properties, 
such as spicier webs cc<raposed of s2k threads tougher than sted, dasun fibers h the 
mammalian ordjavasaiacurc which can last almost a century without loss of 
fijneobn and the adhesive produced by a mussd's foot which consisfcrdy adheres 
mocr<atrcircccoax6om ki salt water. Hasrin, a rubber Hoc elastic fiber found ki 
human arteries (especially ki the aortic arch) typically survives foe more than 70 
years, undergoing repeated cydes ofstrctrfiing and relaxation. The rxntarnn'rxrxicc 
sequence Val-Pro<3y-Val-Qy is typical of all sccpxnccd rnarrtmauan dastin 
proOdns and h bovine dastin, trik sequence k rqpc 

substitution. U has been shown that this clastic and plastic PBP exhibits dastic 
moduli that can range from lO^-IO* dyncs/crrrl Therefore, if this protein is 
in&oduced hto the coc^ 
fiber s&englh, just like dasun. 

These PBPs also exhibit ierrpcraturc transition properties; parts of the rxrfymcr arc 
hrydrcpcxx*: and others an: hyrirophilic and water rrolccuies accordingly arrange 
thentserves around these sections of the molecules h di&rcnt ccnngura6ons The 
idatrvc stability of these corjfignrarions dianges with tanperature and so does the 
preferred shape of the protein. For example, when genetically er^pneered cocton 
containing the PBP b worn by an individual, the poryrner win experience an ioverse 
fc m perat u rc tanskion just beiow the normal lernperaCurc of sJdn When liquid 
touches the inside surface c/cfoching, the pcfymer rroJccuJes will soak k up, but 
they would lu na in in the fotacd state The rxxyrner chain's rxepensiry to unfoid at 
lower tenperatuies will srxxtfaneousry wide fluid away from the warm body and 
toward the cool outer surface of the ciochmg. Thus, this poryrner can absorb 10 
tones its own weight ki water (Uny, 1995).- Moisture and water uptate by textile 
fibers are very knportaat in regard to dyeing and finishing as well as for comfort and 
wearab2ry. Wafcracrsasavchi^ 

dyes and other chemicals. Water absorption is directly correlated with fiber 
dycabiGry; icactrvc dyes fc^ 
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pofymcr backbone (Rivuri, 1992). Dye binding capacity win be enhanced by 
increased procdn context of the fiber; expression of the PBP ki cotton fiber will 
signiScartfy increase ihc fiber protein content Based on all these observations, k ts 
cvitethatkitociud^ increase the fiber strength, water 

absorption, thermal craraefcristics and chemical reactivity. 


In this context it should be pointed out that Agracetus, Inc. rccenfiy has 
introduced the polyhydrcoc^xrtyratc polymer biosynthctk genes into cotton 
for polyester expression in fiber (John and Keller, 1996). However, their 
genetic crtgjncering approach, in addition to introducing a group of genes for 
the entire pathway, is limited by krw levels of required intermediates (such as 
acetyl CbA) in the cytosoi (Nawrath et ai. 1995) resulting in very tow levels 
of expression (03% fiber weight, John and Keller, 1996). Furthcnnorc, 
properties of this polyester can not be modified to suitably alter fiber quality 
because the polyester is an end product of a bacterial pathway. In contrast, 
wc attempt here to express a, protein polymer and not a polyester. PBPs used 
in our study arc expressed from a single synthetic gene that can easily be 
altered to increase the fiber strength, water absorption,, thermal properties, 
elasticity and dye binding capacity of cotton fiber by changing the amino acid 
cornpCfsiubrL Wc attempt to accomplish this using the gene (GVGVP) l2 j; this 
gene has been expressed at high levels in bacteria (Figure I ; Danicll ct al_, 
1997) and plants (Figures 2; Danicll and Guda, 1997). Transgenic plants 
expressing this PBP grew, flowered and produced seeds normally (Zhang ct 
aL, 1996) 


Objectives of this project: To Develop transgenic cotton planft with 
value-added traits: 

a) Develop recombinant DNA tninsformation vectors for enhanced protein 
polymer expression in coaon fiber, 

b) Obtain transgenic plants using the transformation vectors; 

c) Assay transgenic expression using molecular and biochemical methods; 

d) Assay fiber qualities of control and transgenic plants using physical and 

chemical testing, including fiber strength, elongation, water 
absorption and dyeabilify; 
c) Analyze genetic composrDon of transgenic plants. 

Discussion 

Recombinant DNA vectors for PBP gene expression in cotton fiber 
A nuclear vector for transient expression of the 120.T*cr gene has been 
constructed The plasmid pUC-OUS (obtained from Stratagenc) was 
digested with Xbal and SstI to remove the 1.8 fcb Xbaf^Sstl fragment 
containing the uidA gene, and the remaining 43 kb fragment was ligated 
with the I JI fcb 120mer polymer fragment (obtained as Xbal-SstI fragment in 
pUCl 18) to produce plasmid pUC-XZ-I20mer. The I20mer polymer gene 
in this construct is driven by the CaMV 35S promoter and flanked by the nos 
terminator. A nuclear vector for stable expression of the I20mer polymer 
protein also has been constructed The uidA gene was removed from the 
plasmid pBII2I as a Xbal -SstI fragment and replaced by the I20mer polymer 
fragment (obtained as XbaX^SstJ fragment in pUClIS plasmid) resulting in 
the construct pBII21-XZ-120mer (Figure 3). The 120mer polymer gene in 
this construct ts driven by the CaMV 35S promoter and flanked by the nos 
tcrrninator. This nuclear vector also contains a npt H gene driven by the nos 
rxornoter and flanked by the nos tcrrnmafor to facilitate selection of 
transformed ecus or tissues on fcanarnycia (sec pBn2I-XZ-120mcr map 
shown below for more details). 
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Figure 3: Piasmid map of pBI121-XZ-I20tncr 
In stabfy transformed tobacco plants a IS ibp EG-HOmer polymer gene 
fragment was found to be integrated into the tobacco nudear genome. A 1.8 
kbp EG-I20mcr polymer gene transcript was observed in Northern blots. 
Gels stained with CuQ 2 show the presence of polymer and Western blots 
confirm the identity of [he polymer protein (Zhang et aL, 1995, 1996). Even 
though lower levels of expression were observed in cultured tobacco cells 
(Zhang ct al, 1995) and some transgenic plants in the FO generation 
(probably due to the position effect and heterozygous nature, Zhang et aL, 
1996), higher levels of polymer expression were observed in Fl transgenic 
plants after sdf-erossing. Inclusion bodies have been observed in tobacco 
cells (sec Figure 2); this is a good indication of a high level of PEP 
expression (Danicll, 1995; Daniel! and GoaV 1997)/ The transgenic plants 
expressing this PBP grew, flowered and produced sc6ds normally (Zhang et 
al, 1996). Physiological and tdtrastroctural studies reveal that transgenic 
tobacco plants expressing PBP arc similar to control untransformcd plants. 

While the levels of PBP expression are sufficient In transgenic plants, we are 
attempting to further enhance the level of polymer production by modifying 
me codon composhion_ Therefore, the plant expression vector pBI-EV35S- 
I30mcr, with a plant nuclear preferred codon composition gene sequence, 
coding for the same polymer protein has been constructed in our lab and 
introduced into transgenic tobacco plants. Characterization of the tobacco 
transgenic plants expressing the 1 30mcr polymer protein is in progress 

Identified fiber genes can be grouped mto two types - genes which only 
express in fibers (firxT-spccLfic genes) and those which express m other tissue 
types besides fibers. ^Fiber-specific genes, isolated from cDNA libraries, 
include a lipid transfer protein gene, the "fiber" gene E6 and Rac 13 
However, only the promoter for the E6 gene, isolated from a genomic library, 
has been wdl characterized (John, 1995a). In order to avoid possible 
pfciotropic or epistatic effects of introduced genes, it is desirable to use 
promoters which will express foreign genes primarily in fiber ceils 
Therefore, in order to express PBP genes in cotton fibers, the 35S CaMV 
promoter in recombinant constructs (pBI12I-XZ-120mcr and pBf-EV35S- 
I30mer) is replaced by the E-6 rxornoter (Figure 4); this will direct 
express ioa of foreign genes in a tissue specific and oevetopmcntally regulated 
manner in transgenic cotton plants (John and Crow, 1992). The E6 promoter 
has been used successfully to express PHB polymers in cotton fiber (John 
and Keller, 1996). 
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Figure 4: Plasmid map of pBini-BS4W-120nxr 
CbCtrxr Transformation with PBP genes 

Several methods for tratrtsfcjcmatba of coaon h x5ds6oa to the A^obaaenurrh 
mediated transfoanatoi of bypocoCyts have been described, hduding parade 
boenbardment of cuixvogenic cufcurcs and shoot apical nxnsfcrns, followed by 
sornafic embrvogensis or sfioot foctnadoa from apical tissues, respectively 
However (he Agro6cxlaTum<cc&2Cai method foflowed by somatic 
embryogenesis (Tro&ider and Goodin, I9S7, 198S) remains Ihc most rdbbic and 
managcaWc method ia the tinrrasxty setting. In contrast, in the afecraadvc mctfxxl 
of parade bombardment (Darocfl, 1997) of shoot apical meristems (McCabc and 
Martznefl, 1993), thousands of bcaojbardroent events and repeated penning of the 
fcstiong chnncric scod&gs an: required to produce uniform plants with 
transfcoxed epidermal fis^ or germ &ks (fohn aod KcCk^ 1996). TbctcchnkaJ 
demands offheworic arc too grcst to 
ccifnrnooiy supported in academic laborai&oes. 

Alternatively, die Agro6cctoiian<rcdi2fcd method is manageable in the university 
seeing and has oecn used succcssfiiry to introduce 2,4-D resistance into coaon 
(Bayky ct rf, 1992). However, a disadvantage of this technique is that the 
subsco^ent icgermrioa « 1987, 
19SS). Cbnsapcndy, dcsica^ tarts b the transfer 

crossed into current pcrxfucuaa vancbes. Aflcr cornpfc6on of recombinant DNA 
vector cortstrucuorrs, cotton transibrmaDoo will be carried out in Dr. Haiglcrs 
latoraiory (Texas Tech, Ioibbodc, TX). Rxr qualities of genetically engineered 
coGon will be analyzed at Auburn University and in collaboration with Dr. 
Rajasekaran, (USD A Southern Regional Laboratory, New Orleans, LA). 
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Claims 

1 A transgenic cotton plant comprising fiber cells stably 
transformed with a protein based polymer (PBP) expressed by a fiber- 
specific foreign gene driven by the tissue specific E-6 promoter, the 
cotton plant exhibiting improved water absorption, thermal 
characteristics, fiber strength, chemical reactivity including dye binding 
due to the increased protein content of the fiber. 

2. The transgenic cotton plant of claim 1, wherein the gene is 
the (GVGVP) 12I gene. 
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Claims 

1. A transgenic cotton plant comprising fiber cells stably 
transformed with a protein based polymer (PBP) exhibiting improved 
water absorption, thermal characteristics, fiber strength, chemical 
reactivity including dye binding. 

2. The transgenic cotton plant of claim 1, which contains the 
repetitive amino acid sequence GVGVP. 

3. A expression cassette which comprises a fiber specific 
promoter driving the protein based polymer gene, balanced by a 
terminator, selectable marker genes with regulatory elements to facilitate 
transformation of plant cells. 

4. An expression cassette of claim 3 wherein the gene contains 
the repetitive amino acid sequence GVGVP. 

5. As expression cassette which comprises the fiber -specific 
promoter E-6. 

6. As expression cassette wherein the gene is synthetic, not 
found in nature and the gene sequence as well as physical/chemical 
properties of the polymer could be altered at will. 
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